We have used P element deletion derivatives at defined locations in the Drosophila genome to construct a 100-kb extended P element more than twice the size of any previously available. We demonstrate that this prototypical extended P element is capable of transposition to new sites in the genome. The structural and functional integrity of a transposed extended P element was confirmed using molecular, genetic, and cytogenetic criteria. This is the first method shown to be capable of producing large, unlinked transpositional duplications in Drosophila. The ability to produce functional transposable elements from half-elements is novel and has many potential applications for the functional analysis of complex genomes.
Functional analysis of complex eukaryotic genomes requires continued development of experimental methods for mapping and assessing gene function on a genome-wide scale. A well-established model system for the development of such methods has been the fruit fly Drosophila melanogaster. In Drosophila, two of the most valuable tools for genetic analysis of the genome, chromosome rearrangements and transposable elements, complement one another. Chromosome rearrangements, particularly deficiencies and duplications, are useful for genetic mapping within large chromosomal regions, whereas transposable elements have been used primarily for the identification and analysis of small genomic regions and single genes. In D. melanogaster, the many chromosomal deficiencies that have been isolated and cytologically mapped provide an invaluable resource for the rapid mapping of mutations and for a variety of genetic screens (Lindsley and Zimm 1992; Smith et al. 1993; Bilder and Scott 1995; Staehling-Hampton et al. 1999) . Their utility is limited, however, because the continuity and endpoints of the deletions are not well defined and because reductions in viability and other phenotypes often associated with multigenic deletions can complicate the interpretation of complementation tests used for genetic mapping.
Most spontaneous mutations in Drosophila result from the insertion of transposable elements (Zachar and Bingham 1982) , which have been indispensable in the molecular genetic analysis of the Drosophila genome. The discovery of the P transposable element provided the means for the rapid identification and analysis of Drosophila genes through the development of P-element-mediated germ-line transformation and methods for P-element insertional mutagenesis (Engels 1996) . Most recently, genome-scale P-element insertional mutagenesis has resulted in the identification of lethal mutations for an estimated 25% of the essential loci in Drosophila (Spradling et al. 1999) .
Transposition and excision of P elements requires specific cis-acting DNA sequences found at the 5Ј and 3Ј ends of the transposon as well as P transposase and host factors (O'Hare and Rubin 1983; Karess and Rubin 1984; Rio and Rubin 1988; Beall and Rio 1996) . Although the two P-element ends share common sequence motifs, they are not functionally equivalent, and functional P elements require one 5Ј end and one 3Ј end (Mullins et al. 1989 ). The particular DNA sequences placed between the P-element ends have little effect on the element's ability to undergo excision and transposition, but the rates of both germ-line transformation and in vivo transposition are inversely correlated with total P-element size (Spradling 1986 ). The largest P elements introduced into the Drosophila genome have been based on cosmid vectors (Haenlin et al. 1985) , setting an arbitrary upper size limit of about 40 kb for determining the relationship between transposon size and transposition frequency. Larger P elements have been constructed using bacterial recombination (O'Connor et al. 1989 ), but germ-line transformants were not reported, perhaps because P-elementmediated germ-line transformation requires the isolation and injection of high-quality, closed circular DNA (Engels 1996) . Thus, while cosmid-based P elements can undergo in vivo transposition to new sites in the genome at appreciable frequencies, the transposition rates for larger P elements are unknown.
To overcome the size limitations associated with P-element-mediated germ-line transformation, we constructed larger P elements by in vivo manipulation of pre-existing P-element insertions. This in vivo experimental approach is based on identifying P-element deletion derivatives that have lost one or the other end (5Ј or 3Ј) of the P element, which we refer to as half-P elements. By placing properly orientated half-P ele-ments on the same chromosome, we create extended P elements, in which one half-P element, containing a functional 5Ј end, is physically linked to another half-P element containing a functional 3Ј end. The resulting extended P element is composed of two compatible half-P elements separated by a large region of genomic DNA.
Here we report the successful transposition of a 100-kb prototypical extended P element from the third chromosome to the X chromosome, demonstrating the feasibility of constructing functional extended P elements from half-P elements. Such transposition events create transgenomic P elements that have a variety of potential applications for functional genomics, including acting as unlinked transpositional duplications and as large P elements capable of further manipulation. Using a modification of this approach, we can now construct a large set of extended P elements in order to evaluate the effects of size and position on transposition and excision frequencies. Our ultimate goal is the creation of a set of transgenomic P elements that collectively span most of the Drosophila genome. We discuss the potential of this technology for the manipulation and analysis of complex genomes.
RESULTS
We have employed a combination of genetic screens and molecular analysis to create, by stepwise construction, a large extended P element composed of two compatible half-P elements separated by a large region of genomic DNA. The orientation and genomic insertion sites for the two P elements used to produce the prototypical 100-kb extended P element, ExtP1, are summarized in Figure 1 . The three-step construction of ExtP1 is presented schematically in Figure 2A , and the genetic crosses carried out for each of the three steps, as well as for transposition of ExtP1 (step 4), are diagrammed in Figure 2B .
In Vivo Construction of the Extended P Element, ExtP1, on Chromosome Arm 3L
We first identified half-P elements by means of a phenotypic screen for nonmosaic, orange-eyed flies that retained a functional white gene but could no longer undergo detectable somatic excision and transposition in the presence of somatically expressed P transposase, shown as step 1 in Figure 2 . From this screen we recovered nonmosaic progeny at frequencies ranging from 0.1% to 1%. Further genetic and molecular analysis of the resulting strains led to the identification of the half-P deletion-derivative strain, P159-1, used for the construction of the prototype extended P element ( Fig.  1 ; and see Methods). This strain contains a half-P element, 3ЈP{w + }159.1, hereafter referred to as 3HP, inserted in the upstream region of the hairy gene at cytological position 66D10 (see Methods for element no- Figure 1 The genomic region encompassed by the extended P element. (A) The structure of the two P elements used to construct the extended P element is shown. The two closely linked P elements (3DP and 5DP) used for the construction of the extended P element contain the bacterial orgin of replication (ori), the bacterial ampicillin resistance gene (amp) and LacZ gene, and the Drosophila white gene, as well as the 5Ј and 3ЈP element ends 3ЈP and 5ЈP (Haenlin et al. 1985) . Dashed lines outline the regions of the P elements deleted during the production of half-P-element derivatives. (B) Position of P1 genomic phage in the 66D region used in this study. Uncertainty in the endpoints of P1 genomic clones are shown in dashed lines. (C) Genomic DNA in the 66D region (shown as a solid line) including chromosomal orientation (distal and proximal to the centromere) and the location of sequence tagged sites (sts) in the region, shown as solid circles. (D) Extent of two overlapping genomic phage walks through the region, used to characterize the extended P element further, are shown (Spradline 1981; Ish-Horowitz et al. 1985) .
Figure 2
Construction and transposition of the prototypical extended P element, ExtP1. (A) Shown on the top are the three steps used to construct ExtP1. Each rectangular box shows the name of the strains utilized for each step followed by the eye color observed, structure of the P element, and type of P element. Southern blot analysis of the structure of each element, determined using 3Ј-and 5Ј-end-specific probes, is shown below. (B) Representative crosses carried out to perform each step shown in A. Abbreviations for balancer chromosomes used are: TM3 = TM3, SB ry e and TM6B = TM6B, Tb Hu e. All other abbreviations are given in A and in Results.
Transposition of a 100-kb Extended P Element Genome Research 1607 menclature). The 3HP element retains the 3Ј end of the P element, the bacterial vector sequences, and the white gene, but has lost the 5Ј end of the P element ( Fig.  2A, lanes 1,2) . Using P element end-specific probes (see Methods), we confirmed that loss of mosaicism in the P159-1 strain was correlated with the loss of cis-acting sequences at the 5Ј end of the P element (see Fig. 2 ). The orientation of both the 3DP and 3HP was determined by sequence and hybridization of plasmid rescued sequences (Fig. 1) .
Next, to identify a second P element insertion compatible with the 3HP element, which has its 3Ј end distal to the centromere, we sought a proximal P element insertion in the same orientation as the 3HP element. From among >20 strains believed to contain proximally located P elements, we identified the l(3)j5B6 strain as having a properly positioned and oriented P element. This strain contains a lethal P element insertion, P{lacW}-j5B6, hereafter referred to as 5DP (for 5Ј donor P element; Fig. 1 ).
Half-P elements retaining the internal white gene as a marker were obtained at only low frequencies from the 3DP element (see Methods). This observation, as well as the identification of other P-element fusion derivatives containing multiple ends (data not shown) suggested that the half-P element derivatives retaining the white gene were produced as a result of multistep processes rather than by assymetric gap repair following P element excision. In contrast, smaller P-element deletion derivatives that have lost the internal marker gene as well as one of the ends occur more frequently (Svoboda et al. 1995) . We therefore identified putative excision derivatives of the 5DP element under conditions that would allow us to identify half-P derivatives without a requirement for maintenance of the internal white marker gene. To do this, we placed the full-length 5DP element into the cis configuration with the 3HP element by meiotic recombination, shown as step 2 in Figure 2 . The resulting strain, denoted P159.1-j5B6, has red eye color as a result of the presence of two copies of the white gene. This strain contains two 3Ј ends, one from the 3HP element and one from the 5DP element, as well as a single 5Ј end from the 5DP element ( Fig. 2A , lane 4). This strain was then used in a phenotypic screen for orange-eyed flies expected to have lost most or all of the 5DP element (including the white gene) while retaining the white gene from the 3HP element, shown as step 3 in Figure 2 . Molecular analysis of >100 independent orange-eyed progeny led to the identification of the 5Ј half-P element 5ЈP{w ‫מ‬ }5B6-54, hereafter referred to as 5HP. The 5HP element retained 921 bp of the original 5DP element, including all the 5Ј sequences required for transposition (Spradling et al. 1999 ) and a small segment of the LacZ gene, fused to the 31-bp inverted repeat retained from the 3Ј end of the 5DP element. The rest of the original 5DP element had been deleted, including most of the 3Ј cis-acting DNA sequences required for transposition (Fig. 2, lane 5) . Because the 5Ј end provided by the 5DP element was produced on the same chromosome containing the compatible 3HP derivative, the resulting strain, denoted Pext1, contains a prototypical extended P element, P{Ext, w + }1, hereafter referred to as ExtP1. The entire genomic region encompassed by ExtP1 is known to be ∼100 kb in length, on the basis of two overlapping chromosome walks (Spradling 1981; IshHorowicz 1985) and available genomic DNA sequence.
Excision and Transposition of the ExtP1 Extended P Element
To determine whether the extended P element was capable of excision and transposition to new sites in the genome, we mobilized ExtP1 using standard genetic methods (Fig. 2B , step 4). Eye-color mosaicism in the presence of the P transposase source provided the first evidence that ExtP1 can undergo excision and transposition (data not shown). Thirty-five excision events were isolated on the basis of loss of the white gene among ∼1.2 ‫ן‬ 10 3 progeny, a rate of ∼0.3%. In a similar screen we identified putative transposition events as red-eyed progeny containing two copies of the white gene. From segregation analysis of 80 such red-eyed flies, we identified two interchromosomal transposition events, providing a rough estimate of 0.01% for the rate of interchromosomal transposition. Previous estimates of these rates for marked P elements have generally fallen between 1% and 20%, and larger elements have yielded significantly lower rates (Engels 1996; Spradling 1986 ).
Cytological Integrity of ExtP1-7 on the X Chromosome
In one of the strains bearing a putative interchromosomal transposition event, orange eye color segregated with the X chromosome. We examined the structural integrity of this X-linked extended P element, denoted ExtP1-7, at the cytogenetic level using high-resolution fluorescence in situ hybridization (FISH) to visualize the position, orientation, and arrangement of the transposed sequences. Figure 3 shows images taken from polytene chromosome squashes after triple fluorescent labeling to reveal the chromosomes (DAPI, blue), half-Ps (green), and internal genomic DNA (red), respectively. Hybridization with a probe of labeled Pelement vector sequences defines the cytological position and boundaries of the extended P element, and hybridization with a probe of labeled P1 phage clone DS04631 (Fig. 1) confirmed that genomic DNA from the third chromosome was in fact present on the X chromosome (Fig. 3, panels A-D) .
Analysis of the cytogenetic substructure of the transposon at higher resolution (Fig. 3 , panels E-H) revealed two more important features of ExtP1-7. First, differential retention of vector sequences in the corresponding half-P elements produced asymmetric labeling at the ends of the extended P element, allowing us to determine its orientation relative to the chromosome as 5HP distal, 3HP proximal. Second, after 3D image deconvolution, we consistently observed a gap in the FISH signals obtained with the P1 genomic Figure 3 Cytogenetic fine structure FISH analysis of ExtP1-7. Direct-labeled FISH probes were used to visualize the extended P element, ExtP1-7, on the X chromosome. Three-color staining allowed simultaneous detection of chromatin (DAPI images, panels A,E), the boundaries of the extended P elements (pP{LacW} FISH signals-FITC channel, panels B,F), and the interior portion of the extended P (P1-DS04361 FISH signals-rhodamine channel, panels C,G). A close-up view of the pseudocolored overlay image (panel I) reveals the cytogenetic fine structure of the extended P element. The FISH images show good correspondence between the FISH staining patterns (I) and the structure of the extended P element (H; see Fig. 1 ).
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www.genome.org probe and the 5Ј end of ExtP1-7 (Fig. 3F ). This result suggests that the genomic DNA cloned in the P1 phage spans only a portion of the region between the extended P ends, and it is consistent with our genomic map of the extended P-element donor at its original site on the third chromosome (Fig. 1) . When viewed as a three-color projection (Fig. 3I) , the fine-scale cytogenetic staining patterns indicate that the extended P element has retained its overall organization after transposition.
Molecular Integrity of ExtP1-7 on the X Chromosome
The structural integrity of the genomic DNA sequences contained within ExtP1-7 was examined at the molecular level by Southern blot analysis (Fig. 4) . Using genomic DNA isolated from flies homozygous for the Xlinked transposon and flies heterozygous for a deficiency spanning the region encompassed by the extended P element, we determined the relative genomic copy numbers for most of the EcoRI restriction fragments contained within the extended P element (Fig. 4A) . Strains of the genotype shown in Fig. 4A (lane 1) are expected to harbor four copies of genomic sequences corresponding to the internal region of ExtP1. However, strains of the genotype shown in Fig. 4A (lane 2) are expected to harbor only one copy of genomic sequences corresponding to the internal region of ExtP1. Therefore, we predicted that if the extended P element were intact, we would see a genomic Southern hybridization signal ratio of 4 : 1 for any probe hybridizing to sequences within the extended P element. Hybridization with 12 independent DNA probes was quantified and produced approximately a 4 : 1 signal ratio for genomic EcoRI restriction fragments covering most of the genomic region spanned by the extended P element. The EcoRI fragments near the 3Ј end (Fig. 4C , bands w,x/y,a,b) and near the 5Ј end (Fig. 4C , bands j,k,l,z,m) had a copy number ratio (see Methods) average of 4.1 (range 3.5-4.3). However, the EcoRI fragments in the middle (Fig. 4C, bands d ,e,f,g,i) had a copy number ratio average of 2.6 (range 2.1-3.5). The reduction in signal ratio observed corresponds to the genomic region containing chorion genes and may have resulted from differences in chorion gene amplification (Fig. 4B,C) (Ish-Horowicz et al. 1985; Delidakis and Kafatos 1987) . To test this hypothesis, we also determined the copy number of this middle genomic region using hemizygous males in which chorion gene amplification does not occur; the expected copy number ratio should be 3:1. Consistent with this prediction, we found the copy number ratio for Figure 4 , bands d,e,f,g, averaged 3.1 (range 2.9-3.2).
Deletions and internal rearrangements within ExtP1-7 would likely create detectable RFLPs. However, the conservation of restriction fragment sizes indicates that the transposition of the extended P did not result in gross sequence rearrangements within the transposed genomic region. Taken together, our molecular and cytogenetic analyses provide strong evidence that the extended P-element system is capable of producing large, stable transgenomic duplications.
Functional Integrity of ExtP1-7 on the X Chromosome
We next examined the conservation of function for both the transposable element sequences and the internal genomic DNA of ExtP1-7. We conducted crosses to determine whether ExtP1-7 could rescue, in trans, the lethal mutation l(3)rK561, which maps within the genomic region contained within the extended P element. If so, the wild-type gene within ExtP1-7 should rescue the chromosome 3 lethality. For testing genetic rescue of l(3)rK561 by the X-linked extended P element ExtP1-7, we crossed w 1118 Df(3L) Ki p p /l(3)rK561 ry males. Because the lethality of the Df(3L)hi22/l(3) rK561 transheterozygotes is specifically rescued in the female progeny but not in the male progeny, we concluded that the ExtP1-7 retained genetic function for internal sequences. In other crosses, we could directly demonstrate cosegregation of the white marker associated with the X-linked ExtP1-7 and the rescuing activity of the X chromosome (data not shown).
Finally, we wanted to determine whether ExtP1-7 was itself capable of transposition. We therefore carried out a second transposition screen using ExtP1-7 as the donor. 
DISCUSSION
Our results provide proof of principle for the construction and mobilization of functional extended P elements and demonstrate that a 100-kb P element is capable of transposition to new sites in the Drosophila genome. The in vivo manipulation of half-transposons to produce large transposable elements provides an unprecedented approach for manipulating large eukaryotic genomic DNA fragments and could potentially be developed in other organisms containing appropriate transposable element vectors.
The method reported here is, to our knowledge, the first to be capable of moving large, defined chromosomal regions to unlinked sites in the Drosophila genome. Transposition of a naturally occurring TE element (Ising and Block 1984) , composed of a large genomic region flanked by composite FB-NOF transposable elements (Harden and Ashburner 1990 ) has been investigated previously but is limited to the 3C2-6 region of the X chromosome and is not amenable to further manipulation. Autosynaptic methods can be used to create synthetic chromosomal deletions and duplications, but the resulting duplications are intrachromosomal (Gubb et al. 1988) . Similarly, while sitespecific recombination systems such as the FLP/FRT system have proven useful for genome manipulation, only small DNA fragments have been successfully transposed to unlinked insertion sites in the Drosophila genome (Golic et al. 1997 ). In contrast, we have demonstrated that large, defined chromosomal regions can be translocated to unlinked sites in the genome with the extended P elements.
Transposition Rates of ExtP1
We found that interchromosomal transposition of the ExtP1 occurs at a rate of approximately 1 in 10,000 flies. This value is consistent with the idea that transposition rates continue to decrease with increasing transposon size. Other factors can influence transposition rate, however.
First, because our extended P element is composed of half-P elements from different full-length P elements, the eight base-pair target-site duplications will not match, and this may have a deleterious effect on transposition rate. Second, because the half-P elements are produced as deletion derivatives of full-length P elements, the P-element sequences that are retained will be variable and may interfere with transposition. Last, we expect transposition rates for large P elements to be variable because P-element transposition appears to require interaction between the two P-element termini (Beall and Rio 1997) . The frequency of such inTransposition of a 100-kb Extended P Element teractions is likely to be strongly influenced by the proximity of the two half-P-element ends within the nucleus and the higher-order chromatin structure of the genomic region containing the extended P element. However, we note that even with no further increases in transposition rate, a single researcher could easily identify a number of putative transposition events in a single day; thus, this method has the potential to be scaled up and applied to a larger proportion of the Drosophila genome. Further, the relatively larger size of extended P elements means that fewer such transposition events would be necessary for genome coverage. For example, at an average size of 100 kb, approximately 500 extended P elements would be required to collectively span each of the major autosomes, while at an average size of 500 kb, only about 100 extended P elements would be required.
We also note that the isolation and identification of half-P elements from full-length P elements is labor intensive and creates extended P elements whose ends may not be completely compatible for transposition. As a more efficient and reliable alternative approach, we are currently introducing specific, compatible 5Ј and 3Ј half-P elements into the Drosophila genome using germ-line transformation mediated by the piggyBac transposon vector, previously shown to be capable of high-frequency germ-line transformation and transposition in D. melanogaster (Handler and Harrell 1999) . These half-P elements can then be mobilized to hundreds of genomic sites, and both the insertion site and orientation of each can be determined, comparing the genomic DNA sequences flanking each insertion with the available Drosophila genomic sequences. Appropriately oriented and compatible half-P elements can then be put together by simple meiotic recombination to produce a set of extended P elements that will allow us more rigorously to evaluate the relationship between P element size and transposition frequency.
Potential for Functional Genomics

Transpositional Duplications
Extended P elements can contribute to functional analysis of the Drosophila genome in a number of ways. We have demonstrated that extended P elements can be used to create interchromosomal transpositional duplications. The availability of such defined chromosomal duplications would allow rapid genetic mapping of mutations by complementation or transgene rescue and permit the identification of mutations in genes too large to be transformed by conventional methods.
An analogous approach, the introduction of large fragments by transformation, has been proposed in a number of eukaryotes, including Drosophila. Most recently, this approach has been proposed in the zebrafish, D. rerio, using the transposable element Tc3 to introduce large genomic fragments that could then be used to map the growing set of chemically induced mutations by complementation (Izsvak et al. 1997) . Our method provides an alternative in vivo approach for the production of large transgenomic regions for genetic mapping by complementation.
Excisions and Internal Deletions
It is well known that imprecise excision of P elements creates internally deleted P elements at very high frequencies (Engels 1996) . Many such excisions leave behind little more than the extreme P element termini, while others retain variable amounts of the P internal sequences. Of the 35 ExtP1 excisions we characterized, we have found that 31 (88.6%) fail to complement the l(3)rK561 mutation near the center of the genomic region encompassed by the transposon, demonstrating the loss of genomic sequences between the P ends. By analogy to chromosomal deletions created by excision of two full-length P elements in the cis-configuration (Cooley et al. 1990 ), we expect that most of these excision events have lost all the genomic sequences between the P-element ends, the very same genomic sequences that underwent transposition to new sites in the genome. Conversely, the observation that four of the 35 excision events complement the lethal mutation is consistent with the production of internal deletions that occur as a result of the excision/repair process and retain part of the genomic region between the P-element ends. This raises the possibility of carrying out direct mapping of lethal complementation groups within extended P elements by genetic and molecular analysis of internal deletions retaining different complementation groups.
Matching Deletions and Duplications
The simultaneous use of complementary duplications and deletions can be used to provide a reliable, accurate, and efficient approach for genetic mapping. Specifically, mutations mapping within an extended P element would be rescued by the transpositional duplication of the genomic region contained within the extended P element and would fail to be complemented by the matching deletion derivative of the same region, potentially in a single genetic cross. Such fly strains, containing large deletions and matching transpositional duplications, would be stable as long as no genetic functions are disrupted at the breakpoints or insertion site. The production of a set of matching duplications and deletions covering a significant proportion of the Drosophila genome would represent a new type of in vivo large-fragment library in which individual genomic fragments could be added or removed by conventional genetic crosses. Using such a library, large sets of mutations could be rapidly mapped in a single cross to specific genomic regions defined by transpositional duplications and deletions created using extended P elements.
Potential for Investigation of Genetic and Epigenetic Phenomena
Extended P elements also create new avenues for experimental analysis of chromatin structure, gene regulation, and position effect. For example, the observed reductions in chorion gene amplification within ExtP1-7 suggested by our analysis of genomic copy number are consistent with earlier results with relatively small P-element transgenes that indicated the existence of long-range negative position effects (Delidakis and Kafatos 1987). Our results extend these previous ones by showing that negative position effects can be obtained even when the entire amplified region is included and suggest that either chromatin boundaries are outside of this large region or that other as yet undefined mechanisms operate to insulate the chorion genes from long-range negative position effects at their normal location on the third chromosome.
Evolutionary Implications of Extended P Elements
Last, we note that P transposase activity produces half-P elements at appreciable frequencies (Svoboda et al. 1995) , making it likely that many such half-P elements exist in natural populations of Drosophila. The demonstration that extended P elements can be created by in vivo manipulation in the laboratory and that the resulting transposons are capable of undergoing excision and transposition further suggests that extended P elements may also be produced in natural populations. While the relatively recent invasion of P elements into D. melanogaster (Engels 1996) makes it unlikely that extended P elements or their derivatives could be easily identified in natural populations, our results are consistent with the idea that extended P elements are likely to play a role in Drosophila genome evolution. In addition, our results suggest that halftransposons previously considered to be inert remnants of functional transposable elements may be used for the creation of new functional transposons with the potential to alter the structure of the genome.
METHODS
Nomenclature of P Elements and Derivatives Used in This Study
In describing the in vivo construction of the extended P element, the progenitor P elements (described below) are referred to as donor P elements and the resulting deletion derivatives that have lost the function of one end are referred to as half-P elements. The intact P element used to generate the 5Ј half-P element is referred to as the 5DP, for 5Ј donor-P element, and the resulting deletion derivative is referred to as the 5HP, for 5Ј half-P element because it retains a functional 5Ј end. Likewise, the progenitor and deletion derivative of the P element used to generate the 3Ј half-P element are referred to as the 3DP (for 3Ј donor-P element) and the 3HP (for 3Ј half-P element), respectively. The extended P element (described below) on chromosome 3L is referred to as ExtP1. Transposition events are numbered sequentially as ExtP1-1, ExtP1-2, and so forth. The ExtP1-7, examined in detail in this report, is the transposed extended P element located on the X chromosome (below).
Construction of the 3HP on Chromosome 3L
Strains containing single P{lacW} transposon insertions (Bier et al. 1990) were generous gifts from the laboratory of M.P. Scott (Stanford University). Individual strains were crossed to a strain carrying a stable genomic source of P transposase, P{ry + , ⌬23}99B, that is active in both germ-line and somatic tissues (Robertson et al. 1988) . Single mosaic F1 flies were then crossed back to flies bearing the P{ry, ⌬23}99B transposase source, and the F2 flies screened for orange-eyed individuals that are no longer mosaic in the presence of P{ry, ⌬23}99B, indicating that they contain a functional white gene but can no longer respond to P transposase. Twenty-eight nonmosaic strains were retained, and the presence of Pelement ends assessed by Southern blot hybridization with P-element end-specific probes. The probes were produced by PCR using a primer common to both ends (called PRI, 5ЈCAT GATGAAATAACATAAGGTGGTCCCGTCG3Ј) in combination with either a 5Ј end-specific primer, 5ЈGGCTGCAC-CCAAGGCTCTGCTCCCACA3Ј or a 3Ј end-specific primer, 5ЈCCCCACGGACATGCTAAGGGTTAAT3Ј. These primer pairs were used to produce either a 260-bp 5Ј-end-specific probe or a 158-bp 3Ј-end-specific probe.
Identification of a Compatible 5DP on Chromosome 3L
Strains containing putative P-element insertions proximal to the 3HP element were obtained from available stock collections (BDGP, Indiana Stock Center) and by local transposition of the 3DP element (Tower et al. 1993; Zhang and Spradling 1993; Golic 1994) . Strains obtained by local hopping were further characterized by determination of their meiotic map distance from the 3HP element. Those giving recombination rates of <1% were retained for further analysis. Candidate strains were next characterized by in situ hybridization to polytene chromosomes and hybridization of genomic DNA flanking the insertion sites to an ordered array of P1 genomic clones (constructed by our laboratory on the basis of in situ hybridization data available from the BDGP).
To identify and orient P-element insertions contained within the Cp15 genomic DNA contig (BDGP), we further characterized strains containing P-element insertions mapping to the 66DE region by hybridization of restrictiondigested P1 clone DNA with genomic DNA probes flanking the P-element insertions, leading to the identification of the 5DP element P{lacW}-j5B6. The insertion site and orientation of the 5DP element was confirmed by the identification of a previously defined sequence-tagged site, sts631 (BDGP, see Fig. 1 ) beginning 101 bp away from its 3Ј end.
Production and Confirmation of the Extended P Element, ExtP1 somatic mosaicism, as well as the identification of other Pelement fusion derivatives containing no 5Ј ends, but multiple 3Ј ends (data not shown) suggested that half-P derivatives are produced by multistep processes. As asymmetric repair is likely to be distance dependent, we hypothesized that smaller half-P-element deletion derivatives that had lost the white gene could be obtained at higher frequencies. We therefore decided to produce 5Ј half-P-element partners for the 3HP element using a screening method that would allow identification of the desired extended P element without requiring that the resulting 5HP retain a functional white gene (Fig. 2) .
The 5DP element (P{lacW}-j5B6) and 3HP (P159.1) were first recombined into a cis configuration by meiotic recombination and the recombinant chromosome confirmed by Southern blot analysis (Fig. 2, lane 3) . This strain was then crossed to the P-transposase-producing strain. Eye-color mosaicism was seen in the F1 progeny because of transposition and excision of the 5DP element (not shown). These mosaic progeny were then outcrossed to a w1118 strain, and excision events were identified by screening for changes in eye color from red-eyed flies (two copies of the white gene) to orangeeyed flies (one copy of the white gene). Southern blot analysis of 135 independent excision/deletion (orange-eyed) derivative strains was carried out with the P-element end-specific probes (see above). This led to the identification of 22 Pelement deletion derivatives that had retained the 5Ј end and lost the 3Ј end of the 5DP element while maintaining the original structure of the 3HP element. One such strain contained the 5HP derivative, which appeared to have lost the EcoRI sites present within the 5DP element. Hybridization with genomic DNA probes flanking the insertion indicated that approximately 1 kb of the P element remained at the insertion site. PCR amplification of the 5HP element using primers that would anneal to genomic sequences flanking the original 5DP insertion site was performed to further examine the structure of the 5HP derivative. The sequence of the distal primer (3Ј end of the 5DP element) was 5ЈATCACTAATCC-GCCACGTTGG3Ј, and the sequence of the proximal primer (5Ј end of the 5DP element) was 5ЈCTGAGCGAAGTTTG-GTTTTTGATTCC3Ј. The resulting 1.3-kb PCR product was cloned into the pPCR2.1 TA cloning kit (Invitrogen) and sequenced.
Size Determination of ExtP1
The initial size estimate of the entire ExtP1 on chromosome 3L was based on the overlapping EcoRI restriction maps available for the two genomic clone walks described (Spradling 1981; Ish-Horowicz et al. 1985) and agrees with more recent and more accurate estimates based on comparisons with available genomic sequence (BDGP and Celera, CSC: AC014798). The available ordered genomic DNA sequence for this genomic region begins approximately 6.5 kb proximal to the 3HP insertion site, whereas the 5HP element is located at coordinate 84,500 on the genomic sequence contig. This predicts a size for this genomic region of ∼91.0 kb and an overall size of ∼100 kb, including the P-element vector sequences at both ends, as shown in Figure 4 . specific genomic regions spanning the junctions between adjacent EcoRI restriction fragments. Specific genomic DNA sequences used for the selection of primers were based on the available genomic sequence for the region (CSC:AC014798, BDGP, and Celera). Sequences of primers used for copy number analysis are available on request. Primer pairs were chosen so that the amplified fragment-based probes would span two or more specific EcoRI sites. In this way, PCR products could be used simultaneously to assess the copy number and integrity of two or more EcoRI restriction fragments. Hybridization signals were quantified by means of a phosphoimager (Molecular Dynamics) using the ImageQuant 4.2 software (Molecular Dynamics). Multiple exposures were used to determine the linear dose-response range for each blot. The publication costs of this article were defrayed in part by payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 USC section 1734 solely to indicate this fact.
